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Introduction

The subject of Multiple Tmage Correlation is one which has in-
terested the entire photographic reconnalsgance and: intelligence

communilty for the past several years.

Unforﬁunately, it has been an area in wnich far too much exper-
imentation and device constructlon took place before a solid
theoreticai ﬁnderstandipg was achieved, and as 2 consequence there
was no method of détaHSynthesis. The nlstory of sclence is full of .
instances where experimental deta collection did not contribute to
understanding of physicaliphenomenon until theoretvical models were

developed for data evaluation.

The first theory specifically addressed to multiple irzge correlation

was presented at the American Optical Soclety in 1963 uy Dr. Jack Robe

25X1

These theoretical results are discussed in Section 2.

' The interestiné aspect 1s that no one at the meeting seemed to grasp
all of the inmplications =- indeed even since that time some veople
have continued to mouth the same old platitudes which characterized
the field for the-laSt‘four years., In large part some of this may
be due to the'féct that many people were sO éntfenched in their com=-
mitment to previous equipment and proposals for equivment that it
was best to_igﬁore the obvious consequences of Dr.‘Robe’s thecry and.

his presentation of éxperimental verification.

Thls proposal utilizes thls theory to arrive at an equipment concent Tor
an inexpensive, state~of-art performance Multiple Image Correlator. In
addition several novel alternate uses for the equipment are mentionad

which should be valuable tools in the vhoto intérpretation busiﬁess{
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2. Theoretical Discussion

A detailed development of the theory can be furnished if 1t is

of interest. A brief discussion of the assumption and results
are glven below. fhe principles are a part of modern photographlc
knowledge, vlz:

(1) The resolving power of film is contrast limited 4
Ey . ke e Semalunnlainiy

(2) At low contrast the dominant limitation on resolution

»

ls grain noise, i.e., stztistical fluctuation of grain
denslty. The final results are determined by a proper

statistical interpretation of the rhotographic process

2.1 Contrast Iimit=tions

The fuuctlonal behavior of resolution as a function of exposure

contrast can be represented® as:

W N . '}
R = R 1 s"}l\l o |
= Cacy hl L k J 2‘;’3 i
where:
£ = exposure contrast = E min
R = resolution at k = co
4 = a constante 2,3
ag a first approximation:
R = Rr::.c, 1 - l‘{
k |
or:
&E / B ™ -
B = Roo E max B = K max - B min
and the as NAE-»0 R- +0,.
i‘. H

* Mees, TIhe Theory of the Photograwnhic Irocess, F 1012, Revieed ZTdition,
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Thus, as contrast approaches zero so doeg the resolving power. A

oy o
typical curve® is shown below!:

R

jvra ]

Resolving
Power

!.
|
N
o
C

2.2 Grain Nolse Limitations

/ The physical limitations of resolution are:
(1) finlte grain size
- (2) scattering of light in the emulsion

(3) statistical fluctuation of grain density

'_Since graln sizes are tyﬁically .1 micron in ordinary films, oie
would exnect photogr&phic resolutions of the order of the grain
half width or 1000 lines/mm. These emulsions have resolutions much
less than this and thgs 1t must be concluded that they are limited
by processes (2) and (3). In the case of high contrast, the light
is scattered from the "exposed" region into the'adjoining reglons

. and thus limits the achievable line spacing. This‘is téohnically

referred to as the spread function limit.
. —_

Scattering distance is invarient wilth respect to exposure contrast \

and yet at low contrast the:resolution,goes to zero. Hence, it 1s
.'apparent that low contrast resolution is limited by grain noise.

Theory shows that for sufficlently low contrast the i&provememt in

Py

“ Hees, The Theory of Photographic Irocess, P. 1018, Revised Edition, 1954
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resolution obtained by correlating I photographs 1s N. At medium

4
contrasts the lmnrovement possible falls off to ‘AN and eventually
falls to zero at high contrast (10C0:1). #igure 1 depicts the results

to be obtalined with a typical film such as

Egulpment Implications

The above theoretical conclustion have some drastic imnlications con-
cerning an optimum, i.e., most cost/effective Multiple Image Correlator
design. In summary these are: 1??

1-Expensive, special optics are not required o

o

2~-High precislon multiple stages are not reaquired é
3=Electronic alignment 1s not required Z?

4]

Optical System

Commercially available optlcs are more than adequate. If magnification

'range on one channel is desired it can be accomplished with a commer-

cial zoom lens. Zl&m Lﬂémbé' é??%ﬂﬁébda
1 Yo bk jﬁ é;f{f ?}gﬁ%ﬁmf

Mechanlical System

Once the determination of theoretical limitations is realized, it
becomes obvious that commercially available ($300.00) stages are
completely adequate. In addition the entire concept of sequential ~
correlation becomes greatly eased, viz. such standard techniques as -

swinging mirrors are prerfectly satlsfactory.

Alignment System

It 1s true that electronic aligmment techniques show promise of
achleving grester accuracy a2und r~recision than the humen eye. How-
ever, one never visually allgns on the extreme low contrast or high

line number reglons of = shotograph. There are always some vortions
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Ioproverent in Resolution AR
Resulting from Correlation
N images

Figure 1 - SPATIAL FREQUENCY
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ideally suited to eye allvnmenu. The actual situation is one in
alch there nrobwbly is not & sinzsle person who will put money on
the line that you can achieve better correlation with electronic
alipnment. It ﬁight happen with a very sdphisticated and‘expensive
system, but to date 1t has not been observed. (It is theoretically
possible to obtalnéilﬂgh Gegres OFf elivnmert but theory rroves that this

doesn'st 1nsure additional correlation.)

Fquipment Description

Configuration:

The proposed Multiple Image Correlator is depicted in Figure 2.

' It will be designed for table~top use with a welght of 100 pounds,

and over-all dimensions of 24" wide, 18" deev, and 20" high., It
will be highly portable. The viewer consists of tvo comslete pro-

Jection channels, a "precision" film allgmment stage in one channel,

a single screen for viewing and a 4" x 5" £film for Zilring of the

images wh 1oa are supernosed n the screen. The unit w11l a2lso em-
phasize a clean appearance, asy access to all controls and a bright

screen 50 it can he used in\% normally lighted roon.

QG 26X oy tondilbe a2 o

Detailed Deecrivtion ' f,w v

ngure 3 is a cut-a-way ofithe correlator. The major assemblies will
be referenced from the bage frame casting to maintain precis align-

ment of the optical systems. All of the optlcs are easily sccessible

- for cleaning and other parts such as the light source are easlly re-

_placeable.
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ilm Platens

+ The film chip platens handle & maximunm of 70/mm f£ilm chips. The

film is held betwegn spring loaded glass plates. A unique feature

is that the entire platen éssembly is easily removed since 1t 1s

held by permanent magnets whlle iz the projectlon position. As

an alternate é 70 mm roll film platen can be supplied which accom-

" modates up to 30 feet of film. The film drive will be manual and

once the desired frame is selected, positioning is exactly as the
case for chips. Figuré 2 shows the platen assemble both in-place

and separately..

Coarse Poslitioning

Both film chip platens are initially positioned by sliding the en-
tire assembly relative to the steel backing plate at each projection
station. The magngéic holding is weak enough to allow easy rotatlon
and translation of the.platens to the desired position relative to

the optical axis. Once this film alignment is nade a filim platen

lock device 1s actuated and the reference platen is firmly locked

4,23

A

—

for sequential exposures. The reference or master channel is pro-

vided only with the coarse adjustment descrlbed above.

Fine Posgitioning

The adjustable channel i.e., the one in which the film chips are

placed sequentiglly, has precision x, y, and 6 adjustments.ﬁccuracies
0 il

& _
of + .0005 ove "/in x and y and + .01° over 5° will be maintained.

0]

A
Because  of these high llnear accuracies and since the stages are
equipped with micrometers en-ideal measurement tool is also provided

as a bonus feature.
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Figure 2 - External View
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Opntical Systen

xagn[flcation.- The system will operazte with a matched fixed mag-

7nification of 25x 'in each channel. Thls magnlfication has been

found e\cellent for v1sual aligrmment over the film resolutions

for which multiple correlation 1s effective. Several commercial

lenses of approximately one inch focal length are avallable. FHigh

resolutlon will not be a deternir.ns factor in selection - nore

Pilientt

e e S R . ﬂ//

. attention will be glven to abDbrdulODS such as color.  (

M_AMMMM_—

Light Source: JOO watt tungston sources will be used in each chan~

nel in conjunction with a commercial 35 mm projectlon condensor
such as manufactured by Argus end others. The channels will be

adjusted so that their brightness is matched to within 5%.7

Optical Suverposition: Superposition of the two channels on the

single viewing screen will be accomplished by the wedze mirror

shown in Fig. 3. The Off‘aXLS condition which resulis should not

cause difficulty and in any event could always be compietely ob-

“viated by adding another mirror and a beam splitter to the cvstem.

Screen: Since the. console 1s designed for single operator use a

'high gain screen can be used. A gain of four has been selected.

With the 300 watt 1amp, the, optical traln and this gain an oven

film pgate brightness on the screen of 150 foot-lamberts will be

achieved.

Film And Plste Holder: On the top of the unit is a film holder

~which will accomodate standard 4"x 5"film plates, polaroid backs

and any other standard 4"x 5"camera back accessorles. A4 focal

plane shutter bullt into this portion of +the system provides for
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variable exposure for each frame To be photographed. A meter and

vhotocell indicates the proper exposure for each frame of photography

. f ' /‘/ -
in the adjustable channel..jfyzAJ& /éiyf ;mwgwigguﬁaﬁbé:)
/7 2

4,26 Controls: As shown in Fig. 2 all 6% the required controls are
readlily available to the operator. These are:

1-System ON-OFF

2*Channell1 ON

3-Channel 2 ON

L-Chepnel 2 Blinker. This charmel facllitates alignment of
two channels .

5-Mode indicatbr. This mode indicator shows the positioﬁ of
the moveable:mirror“assembly (either Project or Zxpese)

l6-ExDosure meter. 'The calibraited exposure control meter in-
dicates the proper‘setting of the focal plane shutter speed

for various film types.

5. Additional Uses for Propoged MIC

5.1 Spectral Difference Detection

-Since the taking system could use fllters for selectlive spectrums,
the device would a2lso be useful as a difference detector. A4s an
example, suppose thé séme object were photograrhed with both IR and
visual. By using the correlator 1t might be -possible to determine
the differences.arising.from cemouflage, dead follage, heat sources,

etc. The same arguments are true for other spectral zones.

5.2 Color Recombinatioen

If the taking system used normal color filters
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the FIC could furnish a coior output. This could be useful in

- ' situations where use of color Tilm in the taking camera was pro-

7

5;3 Selective Svatial Freaquency Correlation v,

hibited because of low resolution.

Although it has not been tried to our knowledge a very interesting
and potentlally frultful concevt is to combine spatial filtering
with multiple image correiation. Certainly it is a theoretically
~sound idea. Basically it amounts to limitlna the bandwidth before

the correlation process,

Used in this sensé the proposed equinment would allow a wide runge
- of experimentatlon to be performed in the emer ng field of

~optical filtering.

w5, 4 Dod&ing Viewer~Printer

If unuharn masks are made of any teke then by putting the mask in

It may be viewed or brinted at the option of the overator.

5.5 Stereoc Viewer:

Stereo fusion by either polarization or color would be possible.

This i1s not the most desirable stereo, but it is only suggested as

an alternate use.

5.6 Sumnary. of Alternate Uses
These various aiternate uses may be collectively summarized as the
potential of a two-stage superposltion viewer. They may or may not
prove frultful in practice and are only suggésted as potentials which
can be lnexpensively analyzed and exploited with only minor modifica-

tlons of the recommended equipment.
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Conclusions

will provide the government with an operatlional Multlple Inage

has presented an equipment design which 25x1

Correlator. The devlce is completely state-of-art, uses commerclially

available parts to a great extent and does not require sophlsticated

techniques for alignment and operation. Because of these factors
1t will have a2 low reproduction cost and will therefore be widely

useable wherever the need arises.

Statement of Work
7.1 Scope
will deliver a fully opersting multiple image correlator to 25X1
the followiﬁg specificatlions
1-Superposition of any two film chips of size 3/4" diameter to
70 mm square format
o-Resolution of system at least 4 lines/mn AWAR on the screen
IB—Screen brightness of single channel, open film gate, in excess
of 200 foot-iamberts‘
7.2 Schedule
Delivery to customer within 8 months from start of project.
8. Capablilities.
In addition to the principals, nas several associate comsultants29X1

who are extremely talented in mechanical-optical equipment. We 2lso

have access to thé part tlme services of many people emvloyed in o

companies. Resumes of both classes of help are included in the fol-

. lowing vages.
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